The purpose of this study was to investigate the contribution of a computer simulation to students´ learning of physics concepts (weight and mass). Our simulation was produced using the software Modellus. This study evaluates progresses in understanding made by students (grade 7; 12-13 years old) after one lesson (90 minutes) in three different scenarios: using only "hands-on" activities, using only a computer simulation, and using both. The progresses were measured through pre-and post-tests. The results show that the total gains were higher when students used the computer simulation, alone or together with "hands-on" activities. However, we found that the total gains obtained depend on the teachers' pedagogy when using the computer simulation to teach the concepts of weight and mass.
Introduction
Interest in the problem underlying the present research started from the analysis of some difficulties and misconceptions that basic school students have shown in the discipline of Physical and Chemical Sciences, 7th grade (12-13 years old students). We realized that these difficulties and misconceptions are obstacles to the construction of scientific knowledge, particularly when students are learning the concepts of weight and mass.
It is in the basic education (7th grade) that many of the fundamental concepts of science are introduced. However, research results show that many students do not understand the scientific concepts of earth and space [1] . Some studies have shown that not only students but also teacher trainees have misconceptions in these areas [2] . These concepts are highly resistant to change through traditional interventions [3] . The idea that students develop alternative conceptions remains at the center of many empirical studies on the learning of science during the last twenty years. These studies show that students do not reach the classroom as blank states. Students bring to the classroom their previous ideas and develop concepts with lasting power exploratory. However, these views are inconsistent with the scientific concepts present in classroom teaching. The research has also shown that alternative conceptions lead students not to understand situations and laboratory demonstrations in the classroom [4] .
Although the concepts of weight and mass are considered central in physics teaching, they are still not well understood by students [5] , resulting in the need to use consistent definitions [6, 7, 8] . The students' learning about the concepts of weight and mass has raised interest in research over several decades. Most of these studies have been descriptive, with the aim of cataloging alternative conceptions of students [9, 10, 11, 12] . As far as we know, there are not many studies focusing on the effects of teaching strategies on students' understanding of the concepts of weight and mass. Mullet and Gervais [13] showed that the concepts of weight and mass are both understood as one concept, that of weight, whereas the expression "quantity of matter" is clearly related with the concept of mass.
The evidence based on experimental studies suggests that we can improve learning by integrating computer simulations on topics that students find conceptually difficult [14] . Given all the previously mentioned aspects, we focused the use of new technologies of information and communication (ICT), particularly computer simulations, as a possible contribution to the problems described, regarding the difficulties that basic school students show in learning the concepts of weight and mass.
Research on the use of technology in education has expanded and diversified to the extent that the technologies developed, and these rapid changes in technology make the investigation difficult, complex and challenging [15] . Currently, the landscape of research on the use of ICT in education in general, or even in the specific case of science education is vast, especially studies on the use of computer simulations.
Computer simulations have become increasingly powerful and available to teachers in the past three decades [16] . Currently, science teachers can select from a wide range of computer simulations available, for example through the internet. The computer simulations are designed to facilitate teaching and learning through visualization and interaction with dynamic models of natural phenomena [17, 18, 19] .
Computer simulations offer idealized, dynamic and visual representations of physical phenomena and experiments which would be dangerous, costly or otherwise not feasible in a school laboratory [20] . Since the computer simulations show simplified versions of the natural world, they can focus students' attention more directly on the desired phenomenon [17, 18, 19] . Additionally, computer simulations may allow students to visualize objects and processes that are normally beyond the user' control in the natural world [21] . In comparison with textbooks and lectures, a learning environment with a computer simulation has the advantages that students can systematically explore hypothetical situations, interact with a simplified version of a process or system, change the time-scale of events, and practice tasks and solve problems in a realistic environment without stress [22] . According to Psycharis [23] , effective computer simulations are built upon "mathematical models" in order to accurately depict the phenomena or process to be studied, and a well-designed computer simulation can engage the learner in interaction by helping the learner to predict the course and results of certain actions, understand why observed events occur, explore the effects of modifying preliminary conclusions, evaluate ideas, gain insight, and stimulate critical thinking.
Previous studies have shown the effectiveness of computer simulations on student learning. Many of these studies focused on acquiring knowledge of specific content [24, 25] . Some researchers also noted the success of computer simulations to develop skills of questioning and reasoning [26] . Other investigations have reported less impressive results in the use of computer simulations in science teaching. Some of them found no advantage in using computer simulations over traditional methods [27] . Further investigation also showed that the use of computer simulations was less effective than traditional instruction and hands-on laboratory strategies [28] . Even when the gains made by students were shown through the use of technologies such as computer simulations, some argue that this should be attributed to effective teaching methods and effects of teachers [29] . In addition, Abdulwahed and Nagy [30] have proposed that computer simulations might be most effective when they are integrated as a complementary part of a course involving "hands-on" activities. Thus, despite high expectations for the computer simulations, we cannot guarantee a general conclusion about their effectiveness [31] .
Clearly, the efficacy of computer simulations is closely linked to the pedagogy through which they are implemented [15] . Failure to take account of the pedagogy of technology use may explain some of the negative results obtained [28, 32] . Only provide access to computers or software without careful attention to learning support and teaching models seems to not result in gains of teaching desired.
The effects of computer simulations in science education are caused by interplay between the computer simulation, the nature of the content, the student and the teacher [22] . In order for educational innovations such as computer simulations to be successful, teachers need to be provided with the necessary skills and knowledge to implement them [15] . Without proper teacher skills, the full potential of computer simulations, such as their suitability for practicing inquiry skills, may remain out of reach. Instead, they may be used as demonstration experiments or be completely controlled by the teacher [33] . Reducing the use of computer simulations to a step-bystep cookbook approach undermines their potential to afford students with a opportunity to freely create, test and evaluate their own hypotheses in a more richly contextualized environment [34] .
The role of the teacher in the classroom is an important factor affecting the use of technology by teachers [15] . However, comparatively little research has inquired into the science teacher' pedagogy of working with computer simulations [22, 35] .
The present study aims to compare the progress in understanding the concepts of weight and mass using the computer simulation "Weight and Mass", made by students from the 7th grade, taking into account the mediating role of the teacher.
Research questions
The purpose of this study was to compare the progress in understanding the concepts of weight and mass using the computer simulation "Weight and Mass", made by students from the 7th grade, as a result of learning mediated by the teacher. The study compared three different treatments: students performed only experimental activities ("hands-on"); students performed experimental activities ("hands-on") and used the computer simulation (CS); students used only the computer simulation. The main research question was:
-Are computer simulations combined with "hands-on" activities more effective, than simulations or "hands-on" activities alone, in promoting students' learning about the concepts of weight and mass?
Method

Participants
The study took place during the academic years 2009/2010 and 2010/2011, in a lesson of Physical and Chemical Sciences (90 minutes). Since students were already divided into classes, it was not possible to make a random selection for the different treatments. The students were all from four schools in northern Portugal. The pilot study was developed by the teacher-researcher, and involved the participation of 51 students from three different 7th grade classes (12-13 years old students). The 2010/2011 intervention involved the participation of three teachers of Physical and Chemical Sciences and students from two of their classes (with a total of 142 7th grade students). Each teacher would teach two 7th grade classes (code named X and Y). Before the implementation of the 2010/2011 intervention, all teachers invited to participate in this study were informed about its aims, and all aspects to be considered during the implementation with students in the classroom.
Research design
According to the study design (see Table 1 ), students participating in the study were given a pretest in order to characterize their knowledge with regard to the concepts of weight and mass. The students were then subjected to different treatments and, after the lesson about weight and mass (90 minutes), were given a posttest (equal to the pretest) to evaluate the evolution of learning. During the implementation of the second intervention, the students of teacher A had only "hands-on" activities (HoA) in class X and in class Y conducted "hands-on" activities with the computer simulation (HoA+CS). Students of teachers called D and E had only "hands-on" activities (HoA) in class X and, in class Y used only the computer simulation (CS).
Before this lesson about weight and mass, students had no other lessons about these concepts. Based on an activity guide, consisting of three tasks designed to assess students' understanding of the concepts of weight and mass, students performed the experimental activities. In Task 1 students were asked about the relationship between weight and mass of a body. For Task 2 students were asked to explain how the weight of a body relates with the mass of the planet where it is. In Task 3, students were asked to identify the main differences between the two concepts (mass and weight).
In the groups that performed "hands-on" activities, students tried to do the tasks only manipulating with laboratory equipment (see Table 2 ). In the groups that performed "hands-on" activities with the computer simulation (CS), the students tried to answer Task 1 using laboratory equipment and Task 2 using the computer simulation (CS). In the groups using only the computer simulation (CS), the students tried to answer all tasks using the CS. In Task 3 students didn't need any equipment (laboratory equipment or computer simulation). 
Materials
Hands-on activities
The implementation of "hands-on" activities involved the use of measuring instruments (beam balances and dynamometers) and objects with different masses. The goal was to find out if there is any relationship between mass and weight.
Computer simulation
The computer simulation used -"Weight and Mass" -was built by our team based on the Modellus software.
A powerful Modellus feature is the multiple representations that can be seen simultaneously [36, 37] . For example, the user can create, see, and interact with analytical, analogous and graphical representations of mathematical objects.
The computer simulation used in this study addresses the impractical space requirements typically associated with the experimental teaching of the concepts of weight and mass, which would involve measurements on other planets. The simulation, by allowing students to explore and test predictions, can also facilitate the development of students´ scientific understandings about the concepts of weight and mass.
Data collection and analysis
Data collection about teaching was conducted through semi-structured interviews, four weeks after instruction, with teachers participating in the study, to try to gather information about how they conducted their lessons. The interviews lasted an average of 30 minutes.
To assess students' learning on the concepts of weight and mass, conceptual tests were administered: a pretest (before the teaching intervention) and a posttest (after the teaching intervention). The posttest questions were integrated in a regular formal assessment test. The time elapsed between the completion of the lesson about the concepts weight and mass, and the posttest ranged between 7 days (teacher A) and 35 days (teachers D and E).
The test was developed by our research team and refined after the pilot study. The pretest and posttest were both composed of the same two questions (see Table 3 ), formulated based on the concepts of weight and mass, which are integrated in the official Portuguese Curriculum for the 7th grade. Answers of the students that answered both tests (pretest and posttest) were analyzed according to criteria found in Table 4 (based on [5] ). These criteria were applied to the justification that students provided in their answers.
These answers were analyzed independently by three researchers, obtaining in all cases a degree of agreement exceeding 95.0% (the average was 98.6%). In situations where there was disagreement in the classification of the responses, the discrepancy was only of one level. Table 5 provides a summary of pretest and posttest results for students of teachers A, D and E. For question Q1, students were asked to say if weight and mass have the same or different physical meaning, and to identify the main differences between the two concepts (mass and weight). Validated answers should include knowledge that weight and mass have different physical meaning because mass is the quantity of matter of a body and weight is the gravitational attraction force that a planet exerts in a body. For question Q2, students were asked what happens to the weight and mass of a body when is transported from Earth to the Moon. Validated answers should include knowledge that weight changes and mass does not because mass does not change from place to place but weight changes because gravity in the moon is different.
Results and discussion
The overall pretest findings indicate that prior to participating in their respective treatments, a large majority of students in each group respond incorrectly to the two questions of the tests.
After application of the different treatments, more students showed scientifically correct views of the physical meaning of the concepts weight and mass (Level 3 answers, see Table 5 ). Also, more students responded correctly to Q2, after the lesson about weight and mass (Level 3 answers, see Table 5 ).
The answers given by the students to Q1 and Q2 were analyzed simultaneously, first in the pretest and then in the posttest. The Very High Comprehension (VH) was defined for responses of level 3 in Q1 and Q2. Then, High Comprehension (H) was defined for responses of level 3 in one of the questions and level 2 in the other question. As a minimum comprehension were considered responses of level 2 in Q1 and Q2, or level 3 in one of the questions and level 1 in the other question -Low Comprehension (L). Comprehension lower than minimum comprehension, corresponding to responses of level 2 in one of the questions and level 1 in the other question or level 1 in Q1 and Q2, was considered Very Low Comprehension (VL). Table 6 provides a summary of pretest and posttest results, when students' responses to questions Q1 and Q2 are analyzed simultaneously.
To determine whether there was a significant difference among treatment groups X and Y, of each teacher, in terms of their content knowledge of the concepts weight and mass (Q1 and Q2), we used the Mann-Whitney test. The differences in groups' content knowledge were not statistically significant (p > 0.05) before the lesson about weight and mass (Class X and Y -teacher A: U=325, n1=25, n2=27, p=0.699; Class X and Y -teacher D: U=324, n1=27, n2=24, p=1.000; Class X and Y -teacher E: U=190, n1=19, n2=20, p=1.000). Likewise, after the lesson about weight and mass, there was no significant difference among groups X and Y of teacher A (U=308.5, n1=25, n2=27, p=0.556) and of teacher E (U=185, n1=19, n2=20, p=0.872). However, there was a statistically significant difference (p < 0.05) among groups X and Y of teacher D in terms of their content knowledge of the concepts weight and mass after the lesson of weight and mass (U=203, n1=27, n2=24, p=0.010). To compare the three X classes (from teachers A, D and E), and to compare the three Y classes (from teachers A, D and E) we used the Kruskal-Wallis test. Pretest results were compared first to see whether the groups were equivalent at the beginning of the study. The differences in groups' content knowledge of the concepts weight and mass were not statistically significant before the lesson about weight and mass among the groups in class Y (H=5.031, p=0.081). However, there was a statistically significant difference among groups in class X (H=7.690, p=0.021).
The Kruskall-Wallis test tells us only that there is or is not a statistically significant difference, not where the difference lies. To find out where the difference lies we used the LSD method of Fisher. This test indicated that students of teacher A, in class X, obtained higher classifications in the pretest. After this lesson, there was no significant difference among groups in class X (H=1.341, p=0.511) and between groups in class Y (H=2.280, p=0.320), in terms of their content knowledge of the concepts weight and mass.
To determine whether there was a significant difference among the treatment groups in terms of change in their content knowledge from pre to posttest, for Q1 and Q2, it was used the Wilcoxon test. Results showed a statistical significant change in conceptual understanding from pretest to posttest for all groups of all the three teachers: Teacher A -"hands-on" (Z=-2.762, p=0.006) and "hands-on"+CS (Z=-3.153, p=0.002); Teacher D -"hands-on" (Z=-2.828, p=0.005) and CS (Z=-3.354, p=0.001); Teacher E -"hands-on" (Z=-2.414, p=0.016) and CS (Z=-2.887, p=0.004). Table 7 provides the respective total gains (G T ) for students of teachers A, D and E, taking into account gains of very high comprehension (VH), high comprehension (H) and low comprehension (L). table 7 we can see that the total gains (G T ) were higher for students who used the computer simulation (class Y), from all teachers. Students manipulating the computer simulation visualize information in ways that students using laboratory equipment cannot see. When they were using the computer simulation, they could see a table with the values of the weight of a body in three planets (Earth, Mercury and Jupiter) and in moon and, simultaneously, they could see the weight vector representation in each of these planets (see Fig. 1 ). For instance, when they changed the mass value of the body, they could see what happened to the weight of the body in each of the planets (vector representation in the planet and respective value in the table).
This result is not very surprising and confirms previous findings (e.g., a recent review in [22] ). Comparative studies indicate that traditional instruction may be successfully enhanced by using computer simulations. In most cases, the use of simulation leads to improvements in learning outcomes. The use of computer simulations appears to facilitate students' conceptual understanding [38, 39, 40] , requires less time [41] , and improves the ability to predict the results of experiments [42] .
In our study, the use of the simulation also seemed to help students learn the physics concepts of weight and mass. However, in spite of these results, we considered it was important to analyze each of the different gains, and not only the total gains (G T ), and search for reasons that would allow us to understand why the performance of the groups that used the computer simulation was not similar for all the teachers. From figure 2, we see that the students of teacher D in class Y, who used only the computer simulation, had better gains of very high comprehension (G VH =12.5%) and high comprehension (G H =16.7%) than were obtained by students of teachers A and E, in class Y. Students of teacher E in class Y obtained the higher gains for low comprehension (40.0%), but they obtained the lower gains for high or very high comprehension (5.0% and 0.0%, respectively). Students of teachers A and D in class Y obtained better gains for high or very high comprehension, than students of teacher E. However, the higher gains for high comprehension (16.7%) or very high comprehension (12.5%) were obtained by students of teacher D in class Y (used only the CS). In class X, students of teacher D had no gains for high or very high comprehension, but they obtained the higher gains for low comprehension (29.6%). The higher gains for high comprehension (16.0%) or very high comprehension (12.0%) were obtained by students of teacher A.
Since there was no statistically significant differences in the pretest among groups X and Y of each teacher, and among groups Y of the three teachers, the total gains obtained may be attributable to the use of the computer simulation but, also, to the teachers' pedagogy when using the computer simulation to teach the concepts of weight and mass. What the teacher did in the classroom when using the computer simulation may explain the differences on students' performance in class Y.
This conclusion is consistent with other research studies that suggest that the identification of the learning needs by the teacher, the choice of the simulation software and how it is integrated into the learning environment, are all crucially important to the learning outcomes [14] .
Clearly, the efficacy of computer simulations depends on the teacher's role in its implementation. According to Lopes and colleagues [43] , the task for the students, the mediating role of the teacher in the learning tasks and the available resources for that learning should be all connected. The teachers have an important role in selecting appropriate resources, sequencing and structuring learning activities and guiding students´ experimentation, generation of hypotheses and predictions, and critical reflection upon outcomes.
Conclusions
The findings of this study indicate that, prior to the different treatments, most students presented scientifically incorrect conceptions about the concepts of weight and mass.
The gains obtained in this study by students may be considered quite reasonable given the difficulties related to these two concepts, weight and mass, as we mentioned in introduction.
Our results show that the use of the computer simulation "Weight and mass" helped students learn the physics concepts of weight and mass, either use alone or together with "hands-on" activities. The total gains (G T ) were higher (~40-58%) for students who used the computer simulation, whereas for students who used only experimental activities the total gains were ~20-37%. However, students of teacher D in class Y obtained the best gains, corresponding to a better comprehension of the concepts of weight and mass. Thus, the efficacy of computer simulations depends on the teacher's role in its implementation.
In any case, we should note that the gains obtained by students in this study may be considered quite reasonable given the documented difficulties in learning the concepts of weight and mass, as mentioned in the introduction.
